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PREFACE

This text is an introduction to PERT/TIME and its associated

management sciences. The instruction is designed to give executives

and project managers a basic understanding and apnreciation of PERT.

The familiarity acquired from the instructional material will permit

the manager to work closely with PERT experts in the development of

networks and their interpretation.

From the author's experience, fev" Project managers and engineers

use a detailed analysis of activity time variances in the course of

a oroject. Therefore, statistical probab!lity theory is eliminated.

This text includes basic instruction in project cost ontimizetion

within the PERT/TIME work breakdcwn structure, and therefore should

give the manager familiarity with the advantages of PERT/COST.

The content of this course may be covered in 12 hours of lecture

- seminar instruction, with 6 hours of outside work on the part of the

participants. If more expertise in a particular area is desired, it

is believed that this text will orovide a foundation for comprehension

of literature in specialized or more advanced areas of PERT systems.

I express my gratitude to Lt John H. Williams, and Lt Hugh M. Peter, Jr.,

for their contributions and help in preparing this course.
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INTRODUCTION

Management, like invention, is no longer a m.tter of individual

effort. The complexity of directing and controlling modern day

programs has challenged conventional management techniques. Each

nrogram must. be carefully Planned, scheduled, evaluated and managed

toward attainment of specific objectives.

Recent years have seen the rapid growth of new management planning

and control techniques. One of the most useful, most discussed, and

least understood of these is PERT. (Although there are 4istinct

differences between PERT, CPM, and their many variationa, the term PERT

is increasingly applied to all critical nPth scheduling).

PERT's usefulness as a management tool for small, less complex

Projects h&s been largely overshadowed because of izs initial application

to large and complex development projects. PERT has been demonstrably

effective for efforts across a broed range of ProJeLts in size and

com.lexity. PERT has Proved its value as a management Planning and

control tool for nrojects ranginR from the production of a Broadway nlav

-I thi construction of a sunermrker, to the development of the v'-ttlv

cotMle. Polaris Weapons System.

Known c Ilectivelv as "critical path analysis", PERT & CPM have

been around for ','out ten years. CPM or Critical Path Method was

develooed through a )int effort by the Duoont Comnanv and Univac Division

of Sperry Rard Itn 1957 . an attemot to find a denendable WaV to schedule

the fantasticailv cnmnlica ed business of building A chemical plant.



! CPM served the purpose well and has since been used in millions

of dollars of chemical plant construction, not only by Dupont but by

Monsanto and others.

PERT, or Program Evaluation & Review Technique is essentially a

variation of CPu. It was formally announced in 1959 by the U. S. Navy

as a scheduling technique used in the Polaris Weanon, program. It

has been given viuch of the credit for the completion of the first Polaris

missile two yents ahead of schedule.

After starting in the rarefied atmosphere of chemical plants and

missiles, critical path schedt, ling wao inevitably looked on as high

flown theory - too complicated for the average business. But as it

trickled down into the subcontract levels of cinstruction and military

work, it really caught on. its reputation as a valuable nlanninp and

scheduling tool began to spread. During 1962 PERT really arrived.

More than 30 variations of the technique have fcund their way into

commercial applications in research, engineering, and manufacturing.

Two things are required in order to apply PERT effectively to a

project: firs't, the fundaitntals of PERT [including the work, breakdow,

structure, networking and tthe estimating] must bp. mastered. Secondly,

PF.RT must be applied intelligently to each nreject in full acknowledgment

of the managerial requirements, the comnlexitv of the nrogram and the

cost and time involved In imolementation.

A sumagement device or technique, regardless ý)f the degree of

sophistication, is only a tool and can naevr !e a substitute for offective

management.

Le's ase* what PFTT is and how It can be apnlied.
1-
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WHAT PERT CAN DO FOR YOU

PERT gives a clear understanding of a project by a graphic display.

It is said that a picture is worth a thousand words. Let's see what

this picture shows:

a. The tasks require.

b. The order in which they must be performed

c. The time by which they must be cotpletedi

u. The allowable delay

e. Indicates early warning of trouble spots

f. Pinpoints those activities responsible for dclays

g. Indicates a simnle and accurate check of progress

h. Permits the individual to predict the completion of a project

i. Provides a basis for schedilizg work and workers

.. Simplifies communications: Up and dv the line

k. Provides historical data Past-Future

1. Heins control costs

m,. Fixes responsibility and assures continuity of effort (regardless

of individuals)

n. Avoids omission of important tasks

o. Makes it possible to evaluate and forecast outcome of alternate

plans and to select the best method

p. Provides management by exception

q. Acts as a tool for the man to Judgc hiF own ability at forecasting

and controlling a project

4
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THE NETWORK & DEVELOPMENT

PERT is the acronym for PLrg&ram Evaluation & Review Techniue.

It is a manageement technique for describing operations or sysrems of a

non-repetitive tyne. It consists primarily of a nictorial representation

commonlv described as a network. This network is described by activities

and events and their interrelationships.

All activities take time to accomplish, and for now we will assume

that any number of men can york on an activity. The beginniL.g or ending

of an activity we will call an event which is assumed to take no time -

or is instantaneous.

Throughout this instruction we will indicate activities by arrows

and events by rectangular boxes. Many network events are represented

bv circles. But, circles have the disadvantage of not being as practical

as rectangles for holding information.

To get an idea of what thought orientation is involved in setting

up a network, lets consider a simple problem.

Breaker Manufacture:

We want to decide what activities are necessary to manufacture

a breaker. We know from past experience that we will need five (5)

components to make this breaker. They are a frame, flange, rotor,

cap, and cap die. We may readily procure the flange, rotor, and cap

from outside suppliers. However, it is necessary for us to design and

fabricate our own frame and car die.

5



The actual assembly of these components is simple and consists of

placing the rotor in the frame, then installing the cap, and completing

the operation by inserting the flange.

From the preceding information, lets set down the activities which

might be required to accomplish this task.

Order Flange Submit Invitation for Bids

Order Rotor Evaluate Bids & Award Contracts

Order Cap Insert 'Zotor in Frame

Design Frame Install Cap

Design Cap Die Insert Flange Assembly

Fabricate Frame

FabriPate Can Die

Once you have establish-d the independent activities, it then

becomes necessary to nlace them in their pioper sequence. Since some

tasks or activities are dependent upon one another, you must tie the

activities together so that they can be performed in logical sequence.

From the activities as shown, we might s~v there are three general classes

of activity.

Procurement - Toolli - Assembly

6



The activities included in their respective catepories are as

follows:

Procurement ToolIna Assembly

1. Order flange 1. Desipn frame 1. Insert rotor In

2. Order rotor 2. Design can die frame

3. Order can 3. Fabricate frame 2. Install cap

4. Submit invitation 4. Fabricate cap die 3. Insert flange

for bids assemblv

5. 'valuate 'ids &

award contracts

You recognize immediately that the order of activity of :hese events

is not correct. Using the given activities, what order would you place

them in? Please fill in nelow.

Procurement Tooling, Assembly

4. 2. 1.

7



t
For the sake of uniformity, lets assume that the following lineups

will do the job efficiently:

Procurement Tool nt AssenblT

1. Submit invitation 1. Design cap die 1. Insert rotor in

for bids 2. Design frame frame

2. Evaluate bids and 3. Fabricate cap die 2. Install cap

award contracts 4. Fabricate frame 3. Insert flange

3, Order rotor assembly

4. Order cap

5. Order flange

In general there are two types of activities. Those which can be

accomplished while others are bein- terformed (parallel) and those which

cannot be accomplished until the completion of others (series).

In diagram•ing a network, there are three basic rules which should

be adhered to: They are:

RULE 1. In vlacine any activity on a network, identif. the activity

which comes before it. This is the preceding activity if eav.

PULE 2, Identify any activities that occur at the same time as the

one you are placing on the network; these are concurrent activities.

RULE 3. Identify the activity that follows the one you're trying

to place on the network; this is the succeeding activity.

Let's take one part of the problem at R time, starting with Assembly.



Assembly: Draw an arrow to represent our first activity and label

it with the first activity.

INSERT ROTOR IN FRAME OP IR

IF

Now, ask yourself Rule 1. Are there any activities which come

before this activity? No. Then apply Rule 2? Are there any activities

that occur at the same time? No. Then apply Rule 3? Yes, there are

activities that follow the first activity. Folloy Activity 1 by Activirv

2. An6 while we're at it let's insert the events (as open -ectangles).

Insert rotor Install

in frame can

Ask vourself the same three rule questions again about Activity No.

2. Notice that Activity No. 3 can fit Rule 3, or it cAn be performed

after Activity No. 2. So, lets place Activitv No. 3 so that it occurs

after Activity No. 2. Our drawing might look like CIs. Fill in the

activities.



Your network probably looks like this.

INSERT
ROTOR INSTALL INSERT FLANGE --

IN FRAME CAP ASSEMBLY

Next, lets take the TOOLING. Fill in the activities in the

network below and jee if the logic ii sound. Notice that you can fill.

in the activities from last to first :f you like:

__-

O(bserve that the diagram states that Design frame and Fabricate

frame are activities parallel to Design caD die and Fabricate cap die.

Finally, lets construct a network for PROCUREMENT OPERATIONS.

* 10



EXHIBIT I

TOOLING

4

ASS Y
UT 8

7O _7 0

PROC

L9

III



Your Procurement network nrobablv looks like this: ORDER

SFLANGE

SUBMIT INVITArION EVALUATE BIDS ORDER
FOR BIDS AND AWARD ROTOR

CONTRACTS

CAP

Since thesc three functions coilecttvelv renreqent the nuiufacture

of the breaker, it would bc ideal to tie them all topether to show their

interdenendencies and interrelationsiAps. If we take our three networks

and link them together, our network mav look like EXHIBIT 1.

rill in the activities.

EXHIBIT 1

NOTE: Denendency lineq are dotted lines whi'h have no time duration.

They are used tc renresent the lopical denendencv of one activitv on

another wdhen ozher means of networkiur are awkwird or cause technical

problems.

Check your answer against the network in UXTIBIT 2. Rerwmher, there

are many variations of the example shown, but vyu muat striv, for

diAeram and activit.vy sinit•n-tv-. It is thlt- Simr licitv which a.v "e.l

the entire work nronogal iv,ýt.•.

F.X1IRIT 2.

12
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EXHIBIT 2

DESIGN'CA 5 FABRICATE CAP
DIE DIE

RAME FARATE

ASSY'i

0 INIT INSERr 8 ! S A N E TPR° ROTOR IN CAP 0 FLANGE
SI, FRAME --- ASSy

0 cr

SUBMIT E VA I.UATE
!NVITA- [1DS AND ORDER /
TION FOR _ AWARD C

PROC BIDS U, NTRACT

LORDER

'39



EXPECTED TIME

Suppose you want a brochure printed. You call the printer and

outline the job and he tells you the date on which he can deliver the

brochure. The printer gave you the date of the final event. He got

that date by adding the times of the several activities involved. Now

we're talking about activities and events, how do they tie in.

Let's take an example: PRINT BROCHURE

This is an activity indicatine the consumotion of time.

Now,

SSTART COMPLETE
PRINTINW PRINT BROCHURE PRINTING

This diagram indicates both the activity and possible eventc

connected with the _ctivity. Note that the events are instantaneous

and can be indicated by points in time, such as 1968, or Feb 1, or

Dec 65. The activities on the other hand require a specified time

such as 6 davs, 4 weeks, or 9 minths. The unit of time does not matter

as long as we are cconsistent throughout the network. flowever, large

PERT networks usually are indicated in weeks.

Since activities take time. we will nee- an estimate of how wrch

time will be needed to cosrd!ete eaech activity. Rut, where do we get the

activity times? The best place to go for activity time information in

d!;-ectlv to individuals responsible for the lob. They are the experts.

There is danger to he recognized in 1toini to the worker or his supervisor.

Fither one mav stretch the job time estimate to fit the dollars allotted.
tI



To offset the bias that may be present in the first time estimate,

PERT emrloys three time estimates: optimistic, most likely and

pessimistic.

The first estimate to ask for is the most 31kely time it will take

to complete an activity. This is thq time most frequently required

for completion of the activity. It could also be commonly called "most

probable time". Statisticians like to call this time the Modal tiffe

required to do a Job, if it were repeated a preat number of times.

The second time estimate is the optimistic time. There should

be no hope in comnletine the activity in less than the optimistic

time. This is the least time in which the activity can be completed --

about one time in a hundred attempts.

The third 'Im-,e estimate is the pessimistic time. This is the time

which would not be exceeded, barring "Acts of (God". This is the

greatest time in which the activity will be comnleted -- about one time

in a hundred attempts.

Our 7oal in Rettin7 three subiective estimates is to use them to

calculate a siagle weighted average time. 'This time we will call

the expected time of the activity.

The three time estimates are related to the expected time by this

fortmula" te - a + 4 -% + b where a - the most optimistictime, b - the

mt,•t nessimistic time a.id m - the most likeey, time.

Noticc In this ftrmula th.At m the most likely time iR multiplied

by 4 to tive it four times sA much weiglit as the extreme values.



EXHIBIT 3

10-12-2 5 10-14-18

TOOLING

8-9-16 6

ASSY,, ./

, ROJ[ 'L00

22

10-17-30

16



Theoretically, this formula and the three-time approach will

nrovide sound estimates for network development. However, it has

become fairly common nrocedure to accent one-time estimates for PERT

development. If one-time e3timates prove reliable they should be used.

If it is believed that the estimators are Padding time or do not

know their business, then the three-time procEdure should be followed.

EXECTED TIME COMPUTATION

Lets assume that we had requested and received optimistic,

most likely, and nessimistic time values for our Breaker problem. We

now need to com'ute the expected times. The network in EXHIBIT 3 gives

the estimates in week;.

Using the formula below, calculate the expected time for Activity

1-2.

t = a + 4 m + b 3 + 28 J- 11= 7
6 6

Compute the exnected times for E)XIBIT 3 and nlace these values

on EXHIBIT 3 above the estimates values.

17



EXHIBIT 4

13 14

TOOLING

0o

ASSY 1-

UINIT 0 3 22

0PROJ

0

E 2 O

PROC

i8

18I



EARLIEST TIMES

Now that we have the expected time (te) for each activity in the

project, let's calculate how long it will take to accomplish the entire

project. To get total project time, begin with Event 1, by finding

the Earliest Event Time (TE). Refer to EX)HIBIT 4.

No time has been expended Prior to Event 1, so indicate on EXIITBIT

4 at Event 1, that TE 0 C. The time to reach Event 2 is equal to the

expected time to complete Activity 1-2 or 7 weeks. Write in the TE time

of 7 weeks in Event 2.

The time to reach Event 3 is equal to the expected time to comnlete

Activity 2-3 or 4 weeks, added to the T at Event 2, or 4 4 7 - 11.

Now for Event 7. There are three paths leading to this event.

Let's take them one at a time.

1-2, 2-3, 3-7, requires 7 + 4 + 8 = J9 weeks

0-7 requires 0 - 0 weeks

4-6, 6-7, requires 10 + 6 - 16 weeks

The networK arrows indicated that Event 7 can only take nlace after

the activities ,rior to it have been completcd. Remember this rule.

Therefore, Event 7 cannot occur before 19 weeks from the start. Place

this number at Event 7 and label it T .

The Earliest Event rime then is the earliest that an event can

occur, and is calculated hv determinine. the time between the start of

the nrolect and the event In quest•inf. This means addine the Fxnected

Time (te ) of each activity to th- tarliest Ttmu (T F) nf the ,receding

event. In the case of two or more tins leadln• to thie t'vent, use the rath

requiring the lonvest ttme.

19



Solve through the rest of the network and determine the earliest

time to comilete the project. If your answer is 33 weeks, you have

probably done the job correctly.

20



PROCESS PLANT RENOVATION

RENEWAL OF A SECTION OF IN-PLANT PIPING IN A PROCESS PLANT

Activity Description Hours

1-2 Measure and Sketch 12
1-3 Outline Project 20
2-3 Dummy 0
3-4 Determine Equirnent Requirements lb
3-5 Determne Material Requirements 16
3-6 Determine Man.ower Requirements 16
3-7 Obtain Fund Approval 32
3-8 Develop Project Plan 52
4-8 Dummy 0
5-8 Dummy 0
6-8 Dummy 0
7-8 Dummy 0
8-9 Assemble Crews 96
8-10 Stop Using Old Line 150
8-11 Dummy 0
9-12 Eruct Scaffold 12

10-12 Deactivate System 8
11-13 Nake List of Mfaterials for Procurement

Department 9
12-14 Dutmmy 0
12-17 Dummy 0
12-20 Remove Old Pine 35
13-15 Procure Pines 200
13-16 Procure Valves 225
14-18 Ship to Site 72
15-14 Deliver and Accent 8
16-17 Deliver and Accent 8
17-21 Ship to Site 72
18-19 Prefabricate New Pine Sectious '0
19-20 Dummy 0
20-21 Place New Pipe Sections I?
21-22 Weld Pipes 8
21-23 Place Valves R
22-24 Dummy 0
23-24 Dum! ), 3
24-25 Connect Valves 8
25-26 Pressure Test 0
25-27 Insulate 24
26-27 rh, mmv 0
27-28 Dismantle Scafold,
27-29 Cl ean-un 4
"28-29 DII-M n

21



PROCESS PLANT RENOVATION
WORKSHEET

2 0 -

WORK SHEET

I)HtW NETWORK
2-PLACE ON te s
3 SOLVE FOR EARLIEST TIME!,(!i-



Here is a nroblem in the science of deductive thinking. See how
long it takes you to solve this problem concerning this fictional
baseball team. NAME ',9E POSITION EACP PLAYS.

A. Andy dislikes the catcher.

B. Ed's sister was engaged to the second baseman.

C. The center fielder was taller than the right fielder.

D. Larry and the third baseman lived in the same building.

E. Paul and Allen each won $20 from the pitcher playing pinochle.

F. Ed and the outfielders played poker during their free t1i-e.

C. The pitcher's wife was the third baseman's sister.

H. All the battery and infield, except Allen, Harry and Andy, are shorter

than Sam.

I. Paul, Andy and the shortstop lost $150 each at the track.

j. Paul, Harry and Bill and the catcher took a trouncing from the second

baseman at pool.

K. Sam was undergoing a divorce suit.

L. The catcher and third baseman each had two cihiidren.

M. Ed, ?aul, Jerry, the right fielder and the center fielder were bachelors,

the ethers were married.

N. 'the ,hortston, the third baseman and Bill had cleaned up $100

betting on a fight.

0. One of the outfielders was either Mike or Andv.

P. Jerry was taller than Bill. Mike was shorter than Bill. Each of

them was heavier than the third baseman.

23



EXHiBIT 5

TOOL ING G

4 0 6 -

/

0INIT 0 - 3 31 2
Nj 0

0 8 0 / t
PPOC~~3

pRoc I0II"

2 I

24!



LATEST TIMES (TL)

Having found the earliest time (TE) at which each event can occur,

we now want to calculate the latest time at which each event can be

completed without delaying completion of the prolect.

We Dieviously computed earliest times by adding expected activity

times to previous event times, starting with the first event and working

through the diagram to the final event.

Now to find the latest event times, we start at the final event and

subtract the activity times immediately prior to the final event. We

calculate earliest event times by working forward and latest event times

by working backward.

We try to complete the oroject no later than the earliest comnletion

date, This means the earliest and latest time for the final event will

be the same, in this case 33 weeks.

Usine EXHIBIT 5, write the latest comnletion date (TL) in the final

event above TE. Thus, Tb and TE are both 33 weeks as indicated.

Now, calculate the latest time at event 10. Subtract the expected

time of ActivItv 10-1l from the latest time of event 11 or 33 - - 31.

Since there is only one path leading from event 10, the T for event In

is 31.

Calculate the latest time at event 8. T - 3 "1 - 3 - 28.

Aain, there is only one nrttL from event 8, so writ,- ?8 for TL In Pvent P.

25



SLet's try event 3. Notice there are three paths leading from this

event. Along path 3-8 we calculate 28 - 10 - 18. But wait a minute,

let's try another path. Along 3-7, 7-8, we have 28 - 9 - 19, and 19 -

8 - 11. The last nath 3-9, 9-10, gives us 31 - 0 - 31, and 31 - 18 -

13. This gives us a choice of three values for TLV If we use a TL of

1F, rtils would indicate we could start Activity 3-7 on the 18th week,

Activity 7-8 on the 26th week, Activity 8-10 on the 3th week, and Activity

10-11 on the 38th week. Our project would then take 38 + 2 or 40 weeks.

A similar exercise in arithmetic would show that using a TL of 13 weeks

will cause us to finish the nroject in 35 weeks. Since we exoect to

comnlete the nroject in 33 weeks, we must select the TL if 11 for event

3.

To comnute the latest time then, go backward through the network,

subtracting the expected time of each activitv from the latest time of

each succeedinp event. In the case of two or more paths leading backward

to an event, use the smaljGst value.

Solve througf the rest of the network and determine the latest

times for each event. TL for evert 0 should equal zero. (NOTE: TL for

event 0 will cnlv be zero, if the T and TE for the final event are

the sameN.

26



EXHIBIT 6

13 _ 14

TOOLING

1'3
40 6 0 6

0/

10

L I L 2 7 - - 10' 0 -3 3
PROC '
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SEVXIST SLAMK TPý-"

The Event Slack time is the difference between the earliest and

latest time of an event. An event may occur at any tlne within its

earliest and latest tires and not affect the overall nroiect tinre. Slack

time is the extra time which nay be associated wlith events.

Event Slack tine is renresented by the for-nula:

T L f - Slack

Observi-insz !IBTT 6, we nay conrute the event slack time for eve,,ts

as follows:

.VENT,1 0 - fl 0

EVENT 4 1 - 0

%EVEN 6 13 -lI 3

Calculate the remainder of the event slack tines and fill in the

slack times in the proser Dlaces in _IBIT 6.
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EXHIBIT 7
- I

ACTIVITY TL TE t e FLOAT

0,1

10,7

1,2 2 !

2,3
3,7,
3,8I__

379
4,51

6,7
7,8
8,10

29



ACTIVITY FLOAT TIME

Activity float is the extra time available when the interval

between two events is greater than the duration of the activity to be

inserted between them.

To calculate the float time, subtract the earliest time (TE) of

the preceding event from the latest time (TL) of the following event.

From this result, subtract the expected time of the activity.

Activity FLOAT - [T, - I! te

lake the TL, TE and te val,2es from EXHIBIT 6 and fill in the chart

in EXHIBIT 7.

Let's calculate the activity float times and see what they mean.

First, Activity 1-2. The TL for this activity is 7, the TE is 0 and

subtracting 7 -0 = 7 (TL - TE). Then, te is 7 or 7 - 7 = 0 = (TL - TE)

- te = [7 -0) - 7 = 0. Therefore, activity !-2 has a float time of 0

weeks. This means that activity 1-2 must start at week 0, so that the

orogram will not be delayed. In other words, this activity has no

leeway.

Second, let's try activity 4-6. Filling in the formula [TL - TE] -

te - [13 - 0] - 10 - 3, or the activity float for this activity is three

weeks. This means that activity 4-6 can start as late as week 3, after

the beginning of the program and not delay the completion date.

Third, filling in the formula [TL - TE] - te for activity 6-7

gives: [19-10) - 6 3.
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This indicates that activity 6-7 can be started as many as 3 weeks

after its ear liest start date and still be completed on time. It also

means that if 6-7 is started at week 10 and com.pleted in its proper time

of 6 weeks, there must be a 3 week delay before event 7 can be reached.

This is true because the earliest time at which event 7 can be

completed is at 19 weeks. Why? Well, remember! Event 7 is dependent

upon and cannot start before the completion of those activities which

lead into it. Activity 3-7 is not complete until the 19th week, so it

is the limiting activity.

Compute the remaining float times for the network and complete

EXHIBIT 7.

Activiry float can be very helpful in scheduling projects for

optional resource allocation. It can alto indicate to a foreman the

latest time which he can begin a job and complete it on time.
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EXHIBITT 8 CTIVITY TL TE .. FLOAT

OA__ 0 0 0- 00o,4 I _ __

,17 0 0 19

1,2 7 0. 7 0
2,3 i 7 4 C)

13,7 19 1. . 8. 0
3,8 28 1< 1 0 7__

13.9 31 • .. 8 2
4- 4 ... . -o 1

4,6 13. 0 1 0 3
5,28 13 14

.6,7 .-- 19- I0- 6 3

7,8 28 191 9101
8 10 31 28_ ___ 0_

b0,11 33 3_ _2 0

13 14 14

TOOLING 1 :,0 1 6

A S S Y 0 1 - 023

MIT 0 13 1•i0

o77 19 Oo °, _0 ý

PROC
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CRITICAL PATH

Within each network is a path composed of activities and events,

which, if delayed, would affect the project time. These are called

critical activities and events and make up the critical path.

Tle criticalpath is the iongest path through the network with the

least amount of slack. Critical activities are activities that have

the least float time. Likewise, critical events have the least slack

time.

We calculated earlier that Activity Float was [TL - TE] - te and

Event Slack was TL - TE. By referring to EXHIBIT 8, where the float

times are indicated, you will notice that the activities with zero

float are: (0-1), (1-2), (2-3), (3-7), (7-8), (8-10) and (10-11).

Mark them off on the network or on EXHIBIT 8 with marks 144) to indicate

the critical path.

Again, referring to EXHIBIT 8, notice that all event slack times

on the critical path equal zero.

In cases where the activity float is not computed, the critical

path can be determined where the event slack time (TL - TE) is least

on the longest path through the network. Notice that activity 3-8 is

not on the critical path.

When TL = T for the last event of the network, least slack is

equal to zero.
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V COMPLETE PROCESS PLANT

RENOVATION PROBLEM AS FOLLOWS:

Using the Process Plant Renovation Worksheet Pg 22:

4. Calculate TL's

5. Calculate Slack

6. Determine the Critical Path
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NETWORK DEVELOPMENT EXAMPLE

SITUATION:

Mrs. Kingston is having a dinner party for her debutante daughter.

Assume servants (maid, cook, butler, eta.) are available. Formal

invitations will be issued indicating time and place. Start with

"develop idea for dinner party" and end with "receive guests".

PROBLEM:

What activities should be performed to assure the success of the

party?
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DEBUTANTE DINNER PARTY

Possible Activities: Days

1. Develop tentative guest list 2

2. Decide number of courses 2

3. Decide food for each course 1

4. Send out invitations 2

5. Instruct servants 1

6. Order food 3

7. Revise guest list 3

8. Select china, silver, crystal, etc. 1

9. Set table I

10. Consult florist 1

11. Prepare seating arrangement 2

12. Prepare food 3

13. Order invitations 12

14. Consult cook 2

15. Determine date, time and place 4

16. Order place cards I

17. Order floral arrangements 1

18. Delivery and placement of arrangement. s) 4

19. Inventory of food on hand

20. Notify newspaper 1

21. Receive replies 14

22. Receive guests !

23. Develop idea for dinner party 3
Problem Continued.

Prepare a PERT network for the above activities.
36
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ACTIVITY NETWORK

CHANCING A TIRE

DESCRIPTION OF ACTIVITIES

Listed 6elow are a number of activities which may be involved in
a nlan or network for changing a flat tire. Time estimates (durations)
in minutes have been assigned for each activity.

Activity Duration

Remove lugs 3
Replace screwdriver 1
Tighten lugs '2
Close trunk 1
Position Jack 4
Put -n spare 2
Put flat in trunk 4
Remove hub cap 1
Get lug wrench 2

*Stop car 2
Get spare tire 7
Remove tire 1
Drive off safely 3
Replace Jack 3
Jack up car 1
Get screwdriver 2
Open trunk 2
Replace ligs 3
Cet Jack 5
Loosen lugs 2
Replace hub cap 1
Lower car 4

Replace wrench 1

First Requirement:

Construct a PERT network for the tire changing operati(a using
the information shown:

Parameters:

1. There is no limit on the number of people available to accomplish
the operation.

2. All tasks take the time period listed and must be performed,
regardless of the number of peonle employed.

3. Loosen the wheel lugs before the car is lacked up.

4. Lower the car before tightening the lugs.

*First Activity 42
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GET SPARE TIRE1

GET P05 9
JACK JACK

__ _ •Ac I Jj cW

STOP OPEN j GET

(1'

CAR K TU _ L-W 3[•j

rnc

-- m 1 A
tp i </

1 REMOVEEMO
4m

q TIRE I ,

Fri

<

S~~PUT -

TI•

4 ! -- REMOVE P-7L-- EPLACE ')CHEWI-

jHUB
CAP
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CHANGING A TRE

IRE D

5ECOND REQUIREMENT

COMPLETE THIS PERT NETWORK

P0- BY FILLING IN THE ACTIVITY TIMES TE

JACK TL,SLACK TiMES, AND CRITICAL PATH

( ~ )>
r)

-4, H i HREPL
1 3 LUGS 4

m LI)

]REMOVE I T liGHTEN I RE PL HUB DRIVE
TIRE __ ••cP• I • _I

5 LUGS 6 COF 9

ýREF CLOSE
PUT FLAT IN JACK

TRUNK TUK8__

E. GE N D

REPLACE 'HEWDRIVEH

" E.VFNT NUMBER
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Il

THIRD F.EQUIREMENT - QIANPOWER SCHEDULE)

Construct a manpower distribution matrix using the tire problem

PERT Network according to the following:

1. Start all activities at the earliest possible time (TV).

2. Compute the earliest completion time by adding the activity

expected time to the earliest start time of that activity.

3. Draw a solid line, representing the activity duration, through

these points.

4. Draw a dotted line from the activity completion time found in

Step 3, to the latest possible completion time indicated on the PERT

Network. The time indicated by the dotted line shall be referred to

as excess time.

5. Each overlapping activity requires one man for its completion

with ore excention - activity 14-15 requires two men.
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CHANGING A TIRE

MANPOWER DISTRIBUTION
ACTIVITY 1 11121

2 j2 2 333
DFt)CRIPTION I._2I3.4.5.6. 't8t9  _ 21314t5 6 7 819 1 2_ 6 [7890 1_2

tont Im r - - 1+ 2 1 1 1 1 I I I I I 1 1 I 1 1 1 I I I I I I I I

')nTrUrnk' I I+-1 2+31 1 1 1 11 11 11 1 111 11 11 11 1 1 111
(',,t re ri e. . . ......SceW"4cr I I -4.---I-I -I -'3+4 1 1 I I I i I I I I I I I I I I

(Cet ,v wrfench t-"-- - i--1-1-31 3 61 1 I I I I I - I

rot lack 1I I -1 1 345 1 I I I I 1 1 1 1 1 1 1 1 1 I I I I
(,et Snare tire lr , I I--t-I-I-I----13t8I I I

lerne ove Iltlb Can I I I I I i I I I I I I

i'ýnl Scrowdriver I I I I I I I I I I
'og ttion Jack I I I I I I I I I I I I I I I I I
lack unr Car I I I I ! I I I I I i I
T~hr'rm ve I~ties I I I I 1 I I I I I I I I I i I I I I I I

Pemove Tire I I I I I I I I I i I I I I i I
Put on Snare I I I I I I I I I I I I I I I I
Put 'lIt in Trunk | I I I I I I I I i I I I I I

en la eI I I I I I I I t I I I I I

Low'er C r I I I I I I I I I I I i I I 1 I

Tighten Lups I I I I I I I I I I I I I I I I I
Renlace ,ack I ICI I I I I I I I I I I I I CI I i I
ic¶e ,lac.e W•rencth I ] I I I I I I 1 I I I I I I I I I

Ienlacc Huh . I I -I I-I- I I I I C I I I I I I I I ' I I
Close Trun . . . _ Il, ' I I II ,_
qrivc (+ff '£afe'i' I I 1 I. I I I I , I I I I I i I I

M . . . . . .N- #. . . . .1

I 4i + 2t~ I I II I I I I r r I I , I I I I I

M A N # 3 I I I I I I I I I I I I I I I I I I I

,EN REQUIRED
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CHANG!NG A TIRE

MANPOWER DISTRIBUTION
ACTIVITY liiiiii~ iii~~~~~~~~

MIETIIQ 1 21_1_9013 6 8 1234111 56

-Stop Car -I Ii I I I I I I I I i I

Open Trunk I k ! I I 1 I I I i I I I I I I I I I I I

Get Screwdriver I I I--+--4-1-I-1-1 I I I I I I I I I I I I

Get Lur, Wrenchl , I I I- - -I -II I I I I I I I I I I I

Get Jack I I I I I I I1 I" I I 1 I I I !

Get Spare Tire !-I , I , I , , I -- I-- I-I-I- ! I I I I II
Rlemove Hub Cap I I I I t----I-i-•-I I I I I I I I I I I

Loosen Luts s I I I -'-I - - I I I I I I I I I !

Rpl Screwdriver I I I I -t-- -I-I---I-I-I-I-I-I-I-I--I-I-I-I-I-
Position Jack I I I I i I'+ji I II II I I I I I I
Jack Up Car I I I I I I I I--I I I I I I II I I I I I

R•emove ugs I I I I I I I-I--t--I I I I I I I I I I Iup
Resuve Tire I I , i I I I I--* I III III I I I
Put on Spare I ! I I I- I I I I I I ! I
Put Flat in Trunk I I I I I -. - -I-I-I-I-

Lower ar I I I I I CaI r-- -- III I I

Tighten Luse I I I I I I . I I
Replace Jack I I I I I I I I I I
Repiace Wrench I I I I I I I I I I I I H I I

Replace Hub Cap - I I I I I I I I I I I I --t I I
Close T.ank I I I I I I I I I I I TI III --I I I

Drive Off Safely I I I I II i I I I II I

______________________ _________ I I I I I I It I I I I I I I I i iI

?'A2 3 I I I I I I I I ! I jI I I I I " I I I I I I I

? #4 III iII I l IlI I I tI I i II 11I11
"R"-•IWtING E•V''• f~OT XCESS TI"TNE O WHEN • zu
ADVANTAGEOUS, WHAT IS THE lNININUN NW•'RER OF HEN REFQUIR.ED? NREiRD____
INDICATE 'YOUR SOLUTION ON THE MANPOMiLR DISTRtIBUTION
CHAJT. ALSO INCLUDE A K'•NPOMIIU SUIAR

NOTE THAT TUE FIRST SEVEN ACTIVITIES
HAVE 311.9 SHIFTED

MAN #I

MA 21



COMPUTER PRINTOUT OF TIRE PROBLEM

Several Computer programs from major manufacturers of Electronic

Data Processing machines are available for handling PERT Networks.

These nroprams range from PERT/TIME routines, which may be put on a

small machine, to PERT/COST routtnes, which require extensive storage.

Tlhe page following this written narrative is a sample printout from

a Honeywell PERT/TIME 400/1400 program. It represents a portion of the

tire problem, where time in minutes has been changed to weeks.

In the upper left hand corner of the printout appears the title

block stating the name of the using organization. In the right corner,

is a time block which includes a reference date and report date. The

reference date is time zero, or the start of the project. The report

date is the time the Computer Run was procersed.

In the top center of the page, is a 3tatement indicating that output

is sequenced by CUMULATIVE EXPECTED TIME. That is, the order of printout

is based on earliest times, starting with the first activity to be

finished, working to the last. When two activities have the same earliest

time, sequence is determined by placinR the activity with least slack

first.

Next, we see a line consisting of ACT, TITLE.ACT - 'EXPECTED TIME,

etc. A tiumber sisn appearing under ACT tells us that the activity is

currently in progress. Underneath the title is the description of the

activity. At the end of the title, ic a symbol indicatinR which man is

perforning the work - IST man or 2ND man (ISTh or 2N0M).
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I t• To the right of title is ACTIVITY EXPECTED TIME, or the duration

of the activity. Next, comes CUMULATIVE EXPECTED TIME (earliest time)

given in terms of weeks past the reference time of zero. Following

this is LATEST REQUIRED TIME %latest time). The SLACK, which is

next in line is the difference between TL and TE, The EXPECTED DATE Is

the earliest time in terms of calendar dates. The REQUIRED DATE is an

identical presentation of latest times. The SCIEDULED DATE is the time

by which you wish the job completed, in order to accomplish the project

with two men.

Compare this printout to the times found on the completed tire

problem network and manpower distribution. The Crlendar Conversion

Table for EXHIBIT 9 is the ba~sis for converting a;eeks to dates on this

printout.
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PERT BRANCH
TECH SUPPORT DIRECTORATE
EDGEWOOD ARSENAL 

OUTPUT SEQUENCETIRE PROBLEM NETWORK 
CUMULATIVE EXPECTED

------- -WEEKS-
PRECEDING SUCCEEDING 

ACT. CUM.C EVENT EVIENT TITLE EXPD EXPDT NO. No. 
TIME TIME

0001 0002 STOP CAR ISTM 2 2

0002 0.03 OPEN TRUNK 1STM 2 4

0003 0004 GET SCREWDRIVER 1STM 2 6
# 0003 0006 GET LUG WRENCH 1STM 2 6

0004 0007 REMOVVE HUB CAP Is'rm 1 7

0007 0006 DEPENDENCY LINE 0 7

0007 0017 REPLACE SCREWDRIVER 1STM 1 8

0 0003 0005 rET JACK 2NDM 5 9

0006 0009 LOOSEN LUGS 1STM 2 9
0003 0008 GET SPARE TIRE ISTM 7 11

0008 0012 DEPENDENCY LINE 0 11

0005 0009 POSITION JACK 2NDM 4 13

0009 0010 JACK UP CAR 2ND4 1 14

OO10 0n11 REPnVE LUGS 2NDM 3 17
0011 0012 RE•f4VE TIRE 2NDM I 18
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PAGE i
REPORT DATE 072867

OUTPUT SEQUENCE REFERENCE DATE GF0167
CUMULATIVE EXPECTED TIME FILE I.D. 042T

NETWORK NO. TIPRNET

------ -WEEKS----------
ACT. CUM. LATE EXPD. REOD. SCH'1.

TITLE EXPD EXPD REOD SLACK
TIME TIME TTM¶ DATE DATE DICE

1STM 2 2 2 0 061567 061567

NK 1ST• 2 4 4 0 062967 062967

MDRIVER 1STM 2 6 10 4 071367 081067

WRECH 1STM 2 6 11 5 071367 031767 072767

[UB CAP 1STM 1 7 11 4 072067 081767 080367

ICY LINE 0 7 11 4 072067 081767

SCREWDRIVER 1STM 1 8 28 20 072767 120767 101267

2NDM 5 9 9 0 080367 080367

UcGS 1STM 2 9 13 4 080367 083167 081767

2 TIRE 1STM 7 11 18 7 081767 100567 100567

C LINE 0 1I 1 7 081767 100567

1 JACK 2NDM 4 13 13 0 083167 083167

CAR 2NDM 1 14 14 0 090767 090767

.UGS 2N1*M 3 17 17 0 092867 092867

'IRE 2NDM I 18 18 0 100567 100567
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CONVERSION TABLE

•, EXHIBIT #9

0 - 1 Jun 67 21 - 26 Oct 67

1 - 8 Jun 67 22 = 2 Nov 67

2 - 15 Jun 57 23 - 9 Nov 67

3 - 22 Jun 67 24 - 16 Nov 67

4 - 29 Jun 67 25 - 23 Nov 67

5 - 6 Jul 67 26 - 30 Nov 67

6 - 13 Jul 67 27 - 7 DeL; 67

7 - 20 Jul 67 28 - 14 Dec 67

8 - 27 Jul 67 29 - 21 Dec 67

9 - 3 Aug 67 30 - 21 Dec 67

n1 - 10 Aug 67 31 - 4 Jan 68

11 - 17 Aug 67 32 - 11 Jan 68

12 - 24 Aug 67 33 - 18 Jan 68

13 - 31 Aug 67 34 - 25 Jan 68

14 - 7 Sep 67 35 - 1 Veb 68

15 - 14 Sep 67 36 - 8 Feb 68

16 - 21 Sep 67 37 - 15 Fe') 68

17 - 28 Sep 67 38 m 22 Feb 68

18 5 Oct 6 7  39 - 29 Feb 68

19 "12 Oct 67 40 a 7 Mar 68

20 * 19 Oct. 67
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EVENT ORIENTED NETWORK

You probably recognized that the network you just campleted was

activity oriented. That is, all time considerations were for the

activities. It might be that instead of wanting to know how long an

activity takes, you would rather know when it is complete or when a

new one starts. You can event orient your network to show this.

As stated earlier, events are instantaneous and indicate a point

in time. An event oriented network might reflect target dates on which

to either start or complete events.

EXHIBIT 9 is an event oriented (sometimes called Milestone) network

of the Breaker problem.

The times in the lower rig.L; corners represent the number of

weeks from the start time, that we antic!7ate the event shown in that

rectangle will be complete. For example, "design frame" should be completed

the end of the tenth week.

Calendar dates for event completions can also be determined when

you know the starting -ate. For example, suppose we wish to start our

Breake:- program on 1 June 1967. What will the event times be? By

referring to EXHIBIT 9, we see that "complete installation of cap" is

schoiduled for completion thirty-one weeks after the projec~t starts. Tne

Calendar Conversion table on page 51 indicates the calendar date corresoonding

to this week number. According to the calendar this completion date will be

4 Jauary 1968 as indicated in EM4I1IT 10.
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PRQJEQI COT ALY
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PROJECT COST ANALYSIS

(Partition Warehouse)

Mbnths Direct Labor Indirect
Uguired Costs Costs

.5 15,000 3,000

1.0 12,400 3,100

2.0 9,300 3,400

3.0 7,500 3,600

4.0 6,500 4,000

5.0 5,750 4,900

6.0 5,400 6,000

7.0 5,000 7,500

1. Orttitam project duration is at 6 Msy.

2. Ontimum project cost is $10,300.

3. Although the optimum duratioti is at 6 May, there are other dates when cost

are eajual.

Ex: 16 Mar a&d 6 July - cost is $11,700.
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EXHIBIT II

EXHIBIT 12

_______PROJECT COSTSr

1,2NORMAL CRASH COST AT EXTRA CRASH

3 3 2 _

1,2 5 3 721O

•'5 i 6o 140

4 6 12

__,_ !* 4 • 'l 60
_, 5 3 T'ZO -T;504,6 4 6 4 I5
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COSTS

Another important project variable is money. Each activity in

a project takes a certain amount of time and coets a certain amount of

money. When it is necessary to reduce the project time, you should be

able to spot which activities to shorten. In this exercise, we consider

both time and costs in determining which activities to reduce in order

to get optimum cost for the entire project.

Let's assume tha these costs are direct lzbor costs and that you

as a foreman know the following:

1. The expected number of weeks for each activity.

2. The number of weeks you would require to perform each activity

on a crash basis.

3. The normal costs for each activity.

4. The additional crash conts per activity*.

The problem caa be set up as follows.

Tae netwcrk an.d inforwation In MHB!T 11 .nd EMIBIT 12 are for

the develo•:ment of a bomb filling operation. The PERT mana.;er asks

you to reduce the project time to 10 weeks. Ise the rost economical

method and determine the cost. What is the critical path for the 10

week operation? Refer to EXHIBITS 11 and 12.

Our first problem is to dete-,•ine how much the normal cost will

be for the twelve week schedule. So add up the rnormal costs from

EXHIBIT 12 as follows:

*Extra Crash Coss ner weik - the additional cost for sho-tening a

particular activity by one unit 3f time.
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Activity 1,2 - $120

Activity 1,4 - 260

Activity 1,5 - 220

Activity 2,3 - 210

Activity 3,6 - 200

Activity 4,6 - 280

Activity 5,6 - 270

$1560

Thus, $1560.00 represents the normal 12 weeks costs. In order to

complete the project in less than 12 weeks will require more than the

normal cost. We are sure of this, but we don't know hu4 much or which

activities we can change in order to give us the most economical operation.

From 12 weeks to 10 weeks means that we must shorten our program

by 2 weeks. But, which activity or activities will give us the most

economical solution? There are three paths through the network. Let's

define the possible waya of shortening our network on the basis of these

paths.

They are:

1. For path 1-5, 5-6" These LwO activities add up to less than

10 weeks so there is no point in changing either of their activity times.

2. For path 1-4, 4--. Reduce either activity by 1 week.

3. For path 1-2, 2-3, 3-6:

a. Reduce 1-2 and 2-3 by 1 week each.

b. Reduce 1-2 and 3-6 by 1 week each.

c. Reduce 2-3 and 3-6 bv 1 week each.

d. Reduce 3-6 by 2 weeks.

Let's start with step 2 where w@ must reduce the overall time by one week.
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STEP 2 - Change 1-4 to 4 weeks - additional cost is $40

and 4-6 remains 6 weeks

or Change 4-( to 5 weeks - additional cost is $70

and 1-4 remains 5 weeks

Notice that it is cheaper to put activity 1-4 on a 4 week schedule,

su change the time on that activity to 4.

STEP 3a - Change 1.-2 to 2 weeks - additional cost is $30

and Change 2-3 to 3 weeks - additional cost is 60

and 3-6 remains 5 weeks

$90

STEP 3b - Change 1-2 to 2 weeks - additional cost is $30

and Change 3-6 to 4 weeks - additional cost is 50

and 2-3 remains 4 weeks

" ~$80-

STEP 3c - Change 2-3 to 3 weeks - additional cost is $60

and Change 3-6 to 4 weeks - additional cost is 50

and 1-2 remains 3 weeks

10110

STEP 3d - Change 3-6 to 3 weeks - additional cost is $100

and 1-2 remains 3 weeks

and 2-3 remains 4 weeks

$100
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Considering steps 3a, 3b, 3c, and 3d which is the most economical?

Sten 3b is correct. So change activities 1-2 to a 2, and 3-6 to a 4,

on EXHIBIT 11. All paths leading to the completion of the project are

10 weeks or less. Now let's compute our most economical cost.

Activity Additional Cost

1-2 $ 30

1-4 40

3-6 50

Total Add'l Cost $ 120

Total original cost 1,560

New Total Cost $ 1,680

Any other combinations of changes would have cost more and thus

been less !conomical.
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•7• INTRODUCTION

! THE LAUNCHING OF A NEW PRODUCT

In the description of this problem, activity costs have been

assigned. EXHIBIT ,. indi'ates the duration and cost under a NORMAL

operation, a CRASH operation and an Optimum CRASH operation.

In solving this problem, the cost of the NORMAL oneration was

developed by adding all normal costs together EXHIBIT I. A similar network

(EXHIBIT II) was then developed to depict the same program on a crash

basis. In like manner, all crash costs were added together. At this

point it is readily apparent that this crash cost is not the optimum

crash cost. To optimize cost requires that crash dollars be used only

when they are necessary. Fo: example, why reduce a non-critical path to

seven (7) days when ten (10) days will do the Job at less expense. The

optimum crash program then takes into contideration dollars as well as

time. In some coses, dollars have to be sacrificed for time in order

to keep with the rules of activity completion. EXHIBIT III indicates

the optimum crash for this problem.
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11E LAUNCHINC OF A NEW PRODUCT

NORMAL CRAqH Ontimum Crash
Activty i.Descrintjon Duration Tot Cost Duration Tot Cost Duration Tot Cost

Conduct Market Res 6 30,000 2 125,000 2 125,O1n
Dev Price Demand Sched 3 6,250 1 27,400 3 6.250
Dev Product Plnp Specs 6 28,120 4 48,500 4 48,500
Conduct Enpr Research ? 33,750 4 159,59n 4 15(),590
Conduct Patent Search 1 10,000 I In,OnO 1 10,000
Prenare Cost Fstimates 5 9,380 2 26,420 5 9,380
Dev Lab Model 9 51.250 5 158,760 5 158,760
Conduct Product Anvraisal 4 15,630 2 51,050 2 51,q50
Conduct Profit & Loss
Analysis 3 5,630 1 24,750 3 5,630
Dpsin Final Product 8 40,620 5 151,870 5 151,$0
Train Sales Force 1 5,000 1 5,o00 1 5,000
PrerlarA Advertlsine 6 18,75C 3 47,900 6 18,750
Iqsue Drawines and Specs 2 3,120 1 7,100 1 7.1.0
Determine Prico 3 5,130 1 16,420 3 5,130
Establish Distr Outlets A 56,250 5 132,500 8 56,250
Release Advertisine 3 4,380 3 4.380 3 4,380
Determine Mfe Methods 2 5,630 1 14.200 2 5J630
Procure Raw Materials 3 3,750 2 9,25- 3 3,750
Procure "Buv" Items 8 11,880 5 28,880 5 28,880
Prenare Service Litera-
ture 2 5,000 1 12,000 2 5,000
Design & Procure Pkp 4 10,500 1 73.700 4 in,5GO
Train Prod Personnel I 9,370 I n,370 1 9,370
'¶ftr ",fake" Items 4 69,750 1 237,380 I 237,380
Assemble 4 44,380 3 95,750 3 95,750
Tealn Svc Orpanization 2 11,500 1 27.5()0 2 11,500
Tpqt 2 12,5o0 2 12,500 2 12,'00
Pox. Pack and Shin 2 5,.00 1 11,.230 1 1_,2 3.0.2

SSIL,540 $ 1.ý,,).oo $ 1,255.030

*When CRASH must he made, toral duration Is used.

'EXTRTT A
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THE LAUNCHING OF A NEW PRODUCT
EXHIBIT NO. I

3
DEVELOP 

I, ,. 
- _ -
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DEMAND 12 PATENT j12
SCHEDULE SEARCH

I0

6 7/ .4
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PIR 
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' TI A TEA 

NA LY S !
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MARKET 
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CONDUCT 
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RESEARCH 2 

33,75
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3 CONUCT 
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SEARCH 
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-4 DEVELOP 
P OCTPLANNING 

I 
S 

D 
25

SP3-E 

PREPARE 

COST 
ESTIMATES 

A 9L8

7-1 CONDUCT 
PROKUCT 

APPRAIRCAL 

4 I5.6

7-10 CONDUCT 
PRITr AND OI ANALYSTS 

I ,

4-7 EVEOP LB 1400E 9 j.2

3-6 REPAE COT ETIMAES c 93
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PROCURE BUY ITEMS 4

- -19 44
0

PROCURE RAW, 4

DWGS a- 36 DETERMINE 39 TRAIN 40 MFG

12 36 ESIGN4 8, P 1OUR PACKAGIN

SPEC C T MG 4IN PO MAKEL

METHIS PIR PRDU I T E•

2 2
PREPARE SERVICE TI A TRAIN SE0

LI•T*- 16 __38

4
DESIGN E NPROCURE PACKAGING

4 8 6
CONDUCT P b DESIGN 34 PREPARE ADVERTISING 48R40
)PRODUCT 0 FINAL 0

APPRAISAL PRODUCT

TR RA

TRAIN SALES FORCE ,

3 B
CONDUCT PROFIT0& LOSS 3 DETERMINE M 42 ESTABLISH DISTR OUTLEA

34 3 -th 3 3ANALYSIS 5 PRICE 5

TOTAL Cosr 54

6 30O000O 3-9 OESIGN FINAL PPI~AJUC1 8 40,620 12-23 DESIGN AN
ULES 3 6,250 8-13H TRAIN SALES FORCE 1 5,O00 13-24 ESTABLISH
.CH 7 33,750 9 12 ISSUE D)RAWING$S AND SPECS 2 3,120 14-17 TRAIN PROPECS 6 28.1 )O 9 183 PREPAPE ADVERTISING 6 1 8,,TO 16-22 TRAIN SERI1 10,000 10 13 OFTERMiNE PRICE 5.5130 11-20 MANUFACTU,

951,250 1 '- 1 DLTERMINE MANUtA( lU~ING ML 1400[5 2 5,630 18-26 RELEASEA
S9380 I 2-It5 PROCURL RAW MATil RIAL S 3 3.?50 ?0-21 ASE14BL E

4 15b.O 2-( PRt-PARE ,VR VI(J- I iT[RATUREL 500 Ž'X -?S TrEST
f.,' 'l io I-19 PRCURE 'EiUYq IT It $s 11.880 ?E, 27 BOX PACKA



, •4 4_•_ , 2.,
39 TRAIN 40 MFG , 44 ASSEMBLE 48 TEST 50

38 00O 1 MAK 0 250
I 01"I

2 rmi
IVICE 47L TRAIN AERV ORG TI2 14 o"BO

xp :W-E 4 I-- .... ... ..
10 10j~ 10

4I
ESIGN 8i PROCURE PACKAGING 4 ,0

5 7 RELEASE ADVERTISING 5 B r52
18 40 - -s2 02

0 PAC

BSHIP

/ESTABLISH DISTR OUTLETS 0-
_45 - -J

8 40.620 12-23 DESIGN AND PP0C'%ORE PACKAGING 4 10,500
1 5,000 15-24 ESTABLISH DISTRIBUTION OUTLETS 8 56.250

2 3,120 14-17 TRAIN PRODUCTION PERSONNEL 1 9.370
6 18,750 lf*-ZZ TRAIN SERVICE ORGANZATION 2 11.500

3 51130 1',-20 MANUFACTURE MAKE ITEMS4 j7)

2 5,630 18-26 RELEASE ADVERTISING 3 4ý 380
3 3.750 ?0-? 1 ASSEMBLE 4 44,380
z 5.000 21-25 TEST 12 '500
8 11,880 ,26 27 BOX PACK AND SHIP 2 z oi



"THE LAUNCHING OF A NEW PRODUCT
EXHIBIT NO: 2

10
3-2 3 5 4

~0

4- (1N1JC 2NIEPN ESAC 5.
4- raVEO PRDC LANN 1ES 4 4,6it4 D v iO 5.• ___E 5 15

Fb-- K6

TOTAL§CRA§-rTOTAL CO~ST $
OURA-

ACTIViTY COESC~kiPT!0-N T1ON Cos
0-I CONDUCT MARKET RESEARCH 2 ,25.
1-2 DEVELOP PRICE DEMAND SCHEDULES 1 2#
1-3 CONCDJCT ENGINEEPINGi RESEARCH 4 ISS.
1-4 C'FVELO0P PRODUCT PLANNING SPECS 4 48.
2-5 CON~o~CT PATENT SEAACH I l

I'4-7 DFVEi-OP t.& 4C-DEL 5 Ise.
3-6 PRE PLRE :05T ESTIMATES 2 26.
7-8 CONDU'.T P•OCDUCT APPRAISAL 2 5I.

7-10 CONDIL(T PROFIT AND LOSS ANALYSIS I 24.
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5 24

19 24 -'

0

2 3

'T\V ' ",lo
17 1724 2 2 25 2

1,2 I2 230 M0

K 2 950 -- 71 SEB~ 5,5 /
I ~1600 8• 22'T2T11250 •-

9

29/29/7DRWN NO 30-

- r)8-

0/

____ __I_ __ __-2424

5

5 151,870 12-23 DESIGN AND PROCURE PACKAGING 1 73,700
1 WOO0 13-24 ESTABLISH DISTRiBUTION OUTLETS 5 132,500
1 7,100 14-17 TRAIN PRODUCTION PERSONNEL I 9,370
3 475~00 16-22 1 RAIN SERVICE ORGANIZATION 1 27500
1I I64¶20 11-20 MANUFACTURE MAKE ITEMS I 237,380
I 14,200 1I-26 RELEASE ADVERTISING 3 4,380
2 9.250 2021 ASSEMBLr 3 95,1150
I 12000 21 2 5 TEST 2 12,500

S ?iR84O 26--27 BOX.. PACK AND SHIP 1 11,230
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THE LAUNCHING OF A NEW PRODUCT
EXHIBIT NO. 3

~0

> 0 2 2 4 2
00 124 118

0~ 1 0 0

6 1 3

PARTIAL CRASH-TOTAL COST
DURA-

ACTIVITY DESCRIPTION TiON COST

0-1 CONDUCT MARKET RESEARCH Z 125,
1-2 DEVELOP PRICE DEMAND SCHEDULES 3 6,25
1-3 CONDUCT ENGINEERING RESEARCH 4 159,591

1-4 DEVELOP PRODUCT PLANNING SPECS 4 48.5
2-5 CONDUCT PATENT SEARCH I IO0oi
4-7 DEVELOP LAE MODEL 5 15 R76E

3-6 PREPARE COST ESTIMATES 5 938
7-8 CONDUCT PRODUCT APPRAISAL 2 51,95
7-10 CONDUCT PROFIT AND LOSS ANALYSIS 3 5.63
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SPECS 4 48.500 9-18 PREPARE ADVERTISING 6 18,750 16-22 TRAIN S

I 10000 10-13 DETERMINE PRICE 3 5,130 17 20 MANUFAC
5 158,760 12-14 DETERMINE MANUFACTURING METHODS 2 5,630 18-26 RELEASEI

5 9380 12-15 PROCURE RAW MATERIALS 3 3750 20-21 ASSEMBL

2 51950 12-16 PREPARE SERVICE LITERATURE 2 5.000 21 25 TEST

•ALYSS 3 5.630 12-19 PROCURE BUY ITEMS 5 28.880 26-27 B•OX, PAC
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EXHIBIT 13

,2 2 2 5ý

4

1,3 3 4

,4 I 4 3

2,3 4 2

2,5 5

3,4 4 2

3,6 4 3

4,6 5 4

5,6 7 2

MEN AVAILABLE - M
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EXHIBIT 15

MEN WEEKS
AVAIL I 2 3 5 6 7 8 9 10 II 12 13 14 15 16 17 I1

1,2

1,3

1,4

7 2,3
2,5
3,4

3,6

4,6

5,6 -1----TOTAL TT '1 ! - 1l-H-

EXHIBIT 16

ME WEE KSMEN ACT.- WEK

AVAIL I 2 3 4 5 6 7 8 9 10 l 12 113 14 15 16 171

1 2

1,3

1,4

2,3

2,5

3,4

3,6

4,6 -

•. 5,6 - j_ ' f ._

TOTAL It .
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MANPOWER DISTRIBUTION

The last use that we will make of the network is in solving

manpower problems. Nearly all, activities require money, machines and

men.

Up to now we have assumed no limits on personnel. Obviously,

there will be nersonnel constraints on some activities. Some tynical

constraints may be:

1. A lack of men with snecial training.

2. An inability to supply raw materials to more than a given

number of men.

1. The number of men who can work efficiently on a Job without

getting in the way of one another.

4. The number of -en that can be supervised by a foreman.

5. The lack of money.

There are others of course.

Now again look at our network (EXHTBIT 13). The earliest time

that the nroject can be completed is 15 weeks, This means that based on

our nrevious assumntions, wc can, in some way, complete the task in that

time or a treater lenoth of time.

We must next determine the number of men required to do each lob.

The foreman has said that his orivinal time estimate on activitv 1-2

was based on the assumption that two men would be available for this task.

t;v like means we can determine the numbers of men used as a hasis to

determine tt,"! exrected titcs ftr al'I activities.

FX}ITBTT 14 Inicaes the men needed for each nart -f the troject.
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No'q suppose we have only a limited number of men available to

complete the oroject. We want to know if we can complete the project

in 15 weeks as shown on the network. Suppose, for example, there are

7 men available to do the work at any one time.

According to EXHIBIT 14, there are two men required for activity

1-2. Place a 2 beside activity 1-2 under weeks 1 and 2 in EXHIBIT 15.

This takes care of 2 of the men available for the first two weeks. The

network indicates that activity 1-3 can run concurrently with activity

1-2 so that we can place the 4 men available for that activity in weeks,

1, 2 and 3. We now have six men in use for the first uwo weeks (4 men

for the 3rd week).

Looking at activity 1-4, we note that we can start that activity

with week 1 if there are enough men available. Activity 1-4 requires

three men, but three men are not available until week 3. Therefore,

place 3's opposite activity 1-4 beginning in week 3 and ending week 6.

Notice now that 7 men are used in week 3.

Coing ahead uith activity 2-3, we notice that according to the

network we cannot start this activity until after activity 1-2 is

complete (remember the rules!); this means week 3. But in that week

we already have in use all our 7 men. Can we then start our 2 men in

week 4? Yes! Place 2's in weeks 4, 5, 6 and 7. Ctt the idea? There

are restrictions.

1. The precedini activity must be comlete before starting the next.

2. You can only use men ii they are Available.

Comwnete ETri1IBIT l1. How manv weekx doe& it take to do the job

with the 7 mn available'



There is only one problem, Our PERT Network indicates that the

job should be completed in 15 weeks and we're over that time. Our

nroblem is to determine how many men are required to do the job in

the allotted time of 15 weeks, and when should they be used.

Work through EXHIBIT 16 using either B, 9, 10 cr 11 men. Trial

and error will show you that 9 men will reduce the number cf weeks

required to 15. If you use 10 or more men, you will still require 15

weeks to complete the job. It is probably not practical to use more than

9 fen on the Job, due to the costs involved.
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REVIEW

During the final class session, aoout one hour wilt be devoted

to a review of the furndamentals of PERT described in the first 33 pages

of this text. It will consist of a written problem requiring:

1. The drafting of a small network.

2. The computation of Expected time values (te).

3. The computation of Earliest time values (TE).

4. The computation of Latest time values (TL).

5. The computation of Slack times (S).

6. The depiction of the Critical path.
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LINE OF BALANCE

(MODIFIED)

The LINE OF BALANCE Chart is readily adaptable to the depiction of

repetitive processes. It indicates the performanc.r. of an operation or

procedure as compared to some pre-determined proposal. The LINE OF

BALANCE Chart considers all lead times. Tt requires that a new LINE

OF BALANCE be struck at each date in question.

The modified LINE OF BlANCE technique as describe, here does not

require a line at each dare. For this reason, chart upkeep Is simple,

and chart reading is greatly 9implified.

On the left side of the chart is plotted the cumulative production

schedule. For example: (Sce EXHIBIT A) we expect to produce 2000 bombs

the first month, 3000 bombs the second month, 5000 bombs the third month,

and 6000 bombs a month thereafter until our nroducLion goal is reached.

Our plot will go from zero to 2000 to 50GO to 10,000 to 16,000, etc.

Our entire production will be 1002 so that the rigit scale indicates oercent of

production. For example: 40,000 units equal 572 of the vroduction.

Knowing our proposed production, we would next like to know whether

we have the material6 or components to support this production. Here

ve only consider the major components, that is. those which, if not

received on ttre, will delay production. These materials or assembly

components are represented on the right scale,

In order to put these components in their orooer perspective, the

amount of each component required to support 1001 of the t.roduction is

calculated.
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Suppose, for example, 350,000 pounds of rubber are required to produce

70,000 bombs. Then 350,000 potnds represents 100% of the production and

802 would be 280,000 pounds required to support 56,000 bombe. Likewise,

502 of the material or 175,000 pounds represents 35,000 completed bombs.

All materials then are represented in percent of the tctal production

objective.

As the components arrive and production begins, plot both in their

respective areap. Note that the components are plotted in Percent of

the total.

What can we fiid out from this modified L.O.B. Chart?

Met, and probably most important, we can find out at any time

whether we have enough components to support our current proposed production.

To do this, we observe the percents of components on the right side.

By Projecting these amounts across our chart from right to left to our

production schedule, we can determine whether they exist in s'zfficient

quantities. If the quantities are above the production schedule line

(they should be, to allow for shipment, etc.), it can b2 determined when

they will run out. To find out how long the item will surnort production,

extend the actual Production Line until It intersects the horizontal line

established by the component amount. /.t the intersection of the •cual

projected Production and the component amount, drop straigh' down to the

bottom scale and read the dite.

This Procedure can be reversed to determine what amount of a comnonent

is required on a liven date.
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Let's see what information we can get from the exhibit?

1. What caused the production rate to drop off?

2. When did production stop?

3. Assuming that bomb bodies were ordered at the end of the 33rd

week, when will we be able to begin production again? .....

4. What logical conclusions might we make about arming wire?

b.

C.

d.

5. Assuming that we are back on the original schedule again, when

will we run out of white phosphorous?

6. When will we have to order white nhosnhorous so that we do not

run out in 5 above?

7. How many units can I nroduce before I run out of WP?

8. When will we have to order Xvlene so that we do not exhaust

our Present supply?

9. How many pounds of Xylene have we received at the present?

10. How many bombs can we nroduce with the Xvlene that has been

received?

11. How many pounds of rubber have we received at the present?

12. How many nounds of rubber do we currentli- have in storape?

74



13. When did we order rubber (so that we will not exhaust our

sunply?)

Second, we can deterimine from our plot of actual Production versus

Proposed production, how far ahead of or behind schedule we are.

If our actual proJuction anpears to the left of the Proposed

Production line, we are ahead of schedule. We can tell how far ahead

of schedule we are by measuring horizontally from our current actual

Production line to the proposed nroduction line. Observe the chart at

37.000 units, Arrows 1&2. Notice the horizontal Rap between our actual

production line and our proposed schedule. This gap, compared to the time

scale at the bottom of the chart indicates the number of days ahead

of schedule for Production. In this case, production is running 6 weeks

ahead of schedule.

If ouv actual production appears to the rieht of the proposed

production line, we are behind schedule. The same measurement procedure

can he used to determine the number of days behind schedule.

Third, we can determine from our plot actual Production versus

pronosed production, how many units ahead of or behind schedule we are.

This tin? we measure vertically from the actual nroduction at the

current time to the proposed nroduction line. In our example, observe

the chart at the end of Week 27, Arrows 3 & 4. Notice tfhe vertical

eap between out pronosed production and our actual production schedulk.

This gap, co.-pared to the units scale on the left indicates the

nu'mber of units ahead of the proposed schedule. In this case, production

is running 8000 units ahead of schedule.
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If our actual production line appears below the proposed production

line, we are behind schedule. The same measurement Procedure can be

used to determine the number of units behind schedule.

Fourth, a comnarision of the proposed production quantities for a

given period with the actual prcduction figures for that same Period,

will nrovide an index of nerformance as compared to the Proposed standard.

A suggested method is to divide the actual nroduction for the month by

the Proposed nroduction for the same month. The result multiplied by

100 will give the nercent performance as compared to the norm for that

Period. Lets consider the month of July from EXHIBIT A.

Actual production for the month - 5,000 units

Pronosed Production for the month - 6,000 units

5,000 x 100 - 83%
6,000

This indicates that our production was 83% as compared to the 6,000

unit norm of 100%. Or, we prod-'ed F% below the norm for the mouth.

The four times listed are the most Important considerations in

the use of the modified L.O.B. Chart. There are other refinements,

such as the indication of lead time for sub assemblv operations or

the addition of revised poduction schedules.

All of these LO.B. variations coupled with PERT network for the

nonrepetitive par. of a project, can assist in the meterine ano

forecasting of a successful Project.
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BOMB PRODUCTION-EXHIBIT A
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CONCLUSION

The PERT Orientation Course has been presented to make you aware

of this valuable management tool. We have reviewed a brief history

of PERT and how you go about developing a network. We have discussed

expected times and made comnutations to familiarize you with the technique

of time development from three estimates. Next we reviewed earliest

times and latest times for the completion of activities and events.

Ploat and slack times were next discussed with an eye toward indicating

the benefits and results of excess times. The critical path and its

uses were then reviewed. Next, we talked about and described Milestone

networks and their advantages for short-term projects. The final two

sections were devoted to cost calculations nossihle, and manpower

distributions applicable under the PERT program.

The instruction you have received, by no means qualifies you as

a PERT expert. It will, however, make you aware of this tool and

permit you to have a better understanding of how it works. We hope

you will take PERT to work with you each day.
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QUESTIONNAIRE ON "PERT ORIENTATION COURSE'•

1. Did the course convey to you the basic concepte of PERT?
(Yes) (No)

2. On the basis of the knowledge acquired in this course, will you be in
a position to develop a working knowledge of PERT, and associated
techniques through your own efforts? (Yes) _ _(No)

3. Did the course convince you of the merits of the use of project models
for planning and progress control purposes? __ (Yes) (No)

4. Was the instruction provided satisfactory? _(Yes) _(No)

If not, wha- changes do you suggest?

5. Were you given enough problems to test your understanding of PERT?

- -(Yes) (No)

Would you have preferred more home assignments? -(Yes) -_ (No)

E. Was this 10 hour instruction in PERT and associated techniques sufficient?

(Yes) (No)

Would you have preferred a longer course? (Yes) (No)

Would you have preferred z shorter course? -(Yes) -_ (No)

7. What areas of this orientation should be given greater emphasis?

W$at areas of this orientation should be given less emphasis?
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8. Do you plan to continue your studies in PERT?

_,. _ (Yes) (No)

Do you plan to use it in your work on your own initiative?

(Yes) (No)

9. Do you feel this orientation course would be of advantage to your

colleagues? _(T___(e) (No)

Should it be continued? (Yes) (No)

10. 0,-her suggestions?
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